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 Co
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s
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d
Re
co
mm
en
da
ti
on
s
SODIUM CARBONATE
Car
bon
ate
is
a n
atur
al
con
sti
tue
nt
of
the
env
iro
nme
nt.
Its
use
as
a
de
te
rg
en
t
bu
il
de
r
wil
l
in
cr
ea
se
pH,
al
ka
li
ni
ty
,
an
d
bu
ff
er
ca
pa
ci
ty
of
rec
eiv
ing
wat
ers
bec
aus
e
it
is
not
rem
ove
d
by
was
tew
ate
r
tre
atm
ent
pro
ced
ure
s.
The
re
is
no
evi
den
ce,
how
eve
r,
tha
t
the
con
cen
tra
tio
ns
inv
olv
ed
aff
ect
wa
st
ew
at
er
tr
ea
tm
en
t,
ar
e
to
xi
c,
or
ar
e
ot
he
rw
is
e
ha
rm
ful
to
th
e
fr
es
hw
at
er
en
vi
ro
nm
en
t
ei
th
er
di
re
ct
ly
or
in
di
re
ct
ly
.
Bas
ed
on
thi
s a
nd
oth
er
evi
den
ce
pre
sen
ted
in
the
rep
ort
,
the
Tas
k F
orc
e
co
nc
lu
de
s
th
at
th
e
us
e
of
so
di
um
ca
rb
on
at
e
is
ec
ol
og
ic
al
ly
ac
ce
pt
ab
le
.
SODIUM SILICATE
Sil
ica
te
is
a n
atu
ral
con
sti
tue
nt
of
the
env
iro
nme
nt.
Its
use
as
a
de
te
rg
en
t
bu
il
de
r
wi
ll
in
cr
ea
se
th
e
pH
,
al
ka
li
ni
ty
an
d
bu
ff
er
ca
pa
ci
ty
of
re
ce
iv
in
g
wa
te
rs
,
be
ca
us
e
th
e
ma
te
ri
al
is
no
t
re
mo
ve
d
by
wa
st
ew
at
er
tr
ea
tm
en
t
pr
oc
es
se
s.
Ho
we
ve
r,
th
er
e
is
no
ev
id
en
ce
th
at
th
e
ma
te
ri
al
,
at
th
e
co
nc
en
tr
at
io
ns
in
vo
lv
ed
,
af
fe
ct
s
wa
st
ew
at
er
tr
ea
tm
en
t,
is
to
xi
c
or
is
ot
he
rw
is
e
ha
rm
fu
l
to
th
e
fr
es
hw
at
er
en
vi
ro
nm
en
t
ei
th
er
di
re
ct
ly
or
in
di
re
ct
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TYPE A ZEOLITE
Typ
e A
zeo
lit
e i
s n
ot
a n
atu
ral
pro
duc
t.
How
eve
r,
it
doe
s u
nde
rgo
ap
pr
ox
im
at
el
y
80
pe
rc
en
t
re
mo
va
l
du
ri
ng
co
nv
en
ti
on
al
se
co
nd
ar
y
wa
st
ew
at
er
tr
ea
tm
en
t.
Th
e
ma
te
ri
al
,
wh
il
e
no
t
in
te
rf
er
in
g
wi
th
wa
st
ew
at
er
tr
ea
tm
en
t
it
se
lf
,
do
es
re
su
lt
in
gr
ea
te
r
pr
od
uc
ti
on
of
wa
st
e
sl
ud
ge
.
Al
th
ou
gh
th
e
re
ma
in
in
g
ze
ol
it
e
ca
n
ex
ch
an
ge
va
ri
ou
s
he
av
y
me
ta
ls
,
it
ap
pe
ar
s
to
ha
ve
no
to
xi
c
or
ot
he
r
de
tr
im
en
ta
l
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fe
ct
s
in
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t,
ei
th
er
di
re
ct
ly
or
in
di
re
ct
ly
.
Ac
co
rd
in
gl
y,
th
e
Ta
sk
Fo
rc
e
co
nc
lu
de
s
th
at
th
e
us
e
of
Ty
pe
A
so
di
um
ze
ol
it
e
is
ec
ol
og
ic
al
ly
ac
ce
pt
ab
le
.
  

 Aquatic Chemistry
SODIUM CARBONATE
In
thi
s a
nd
the
fol
low
ing
sec
tio
ns
it
sho
uld
be
not
ed
tha
t s
odi
um
is
rel
eas
ed
int
o
the
env
iro
nme
nt
alo
ng
wit
h
the
var
iou
s
ani
ons
.
How
eve
r
as
sod
ium
has
not
bee
n
sho
wn
to
be
dam
agi
ng
to
the
env
iro
nme
nt
at
the
con
cen
tra
tio
ns
lik
ely
to
res
ult
fro
m
use
in
det
erg
ent
bui
lde
rs,
we
hav
en
ot
considered it further.
The
aqu
eou
s c
hem
ist
ry
of
sod
ium
car
bon
ate
(Na
200
3)
can
be
con
sid
ere
d
as
the
che
mis
try
of
ino
rga
nic
car
bon
in
wat
er.
Imp
ort
ant
rea
cti
ons
inc
lud
e
aci
d-b
ase
,
gas
-li
qui
d,
pre
cip
ita
tio
n,
and
com
ple
x
for
mat
ion
equ
ili
bri
a
and
photosynthetic processes.
The
carb
onat
e an
ion
is a
base
, i.
e. i
t is
a pr
oton
acce
pter
.
The
acid
-
base equilibria are written as follows:
- 6.35 (1)
H2c03* = H+ + Hco3' log K1
2—
HC03
- =
H+ +
co3
log
K2
- 10
.3
(2)
*
Her
e H
260
3
den
ote
s t
he
sum
of
two
spe
cie
s,
H2C
03
and
C02
(aq
).
The
sum
is
the
con
cen
tra
tio
n o
f d
iss
olv
ed
car
bon
dio
xid
e m
eas
ure
d b
y m
ost
an
al
yt
ic
al
me
th
od
s.
Th
is
te
rm
in
ol
og
y
fo
ll
ow
s
St
um
m
an
d
Mo
rg
an
(1
98
1)
.
Usin
g a
simi
lar
nome
ncla
ture
, t
he e
xcha
nge
of c
arbo
n di
oxid
e ac
ross
the
atmosphere-water interface can be written as follows:
*
(302(
9) +
H20
= H2
C03
log
KH =
- 1.
47
(3)
The concentrations of some metals in water are controlled by the
so
lu
bi
li
ty
of
me
ta
l
ca
rb
on
at
es
.
A
re
pr
es
en
ta
ti
ve
re
ac
ti
on
fo
r
the
so
lu
bi
li
ty
of divalent metal carbonates is
MeC0
3(s)
= Me
2+ +
c032
'
Ksp‘
(4)
Val
ues
of
the
sol
ubi
lit
y
pro
duc
t
of
som
e m
eta
l
car
bon
ate
s
are
lis
ted
in
Tab
le
1.
Car
bon
ate
and
bic
arb
ona
te
ion
s
als
o
for
m
sol
ubl
e
com
ple
xes
in
fre
sh
and
mar
ine
wat
ers
wit
h
met
als
suc
h
as
cal
ciu
m,
cop
per
,
cad
ium
and
lea
d.
  
TABLE 1
SOLUBILITY PRODUCTS OF SOME METAL CARBONATES
(from Stumm and Morgan, 1981)
 
Solid Log 10 KSp
CaCO3 (caTcite) -8.42
SrC03(s) -9.02
MnC03(s) -9.30
FeC03(s) -10.40
PbC03(s) -13.10
T=25°C, I = O.
FinaTTy, inorganic carbon is required for the formation of algal biomass.
The overaTT photosynthetic reaction can be written as:
2'+ 122H20 + 18H+
106002 + 16M03' + HP04
photosynthesis>
{C106 H263 0110 N16 P} + 138 02 (5)
These reactions indicate that carbonate is chemicaTTy and biochemicaTTy
active in the environment, either directly or through the formation of carbon
dioxide by proton transfer reactions (Equations 1 and 2).
CONCLUSION
The addition of sodium carbonate to water can be expected to increase pH,
aTkaTinity, and buffer capacity, permit an increase in the uptake of C02
from the atmosphere through formation of bicarbonate, and Tower the soTubiTity
of some metaTs. The quantity of inorganic carbon that may be added to aquatic
systems through the use of sodium carbonate in detergent is discussed
elsewhere in this report. It is smaTT compared with the amount of inorganic
carbon in the biosphere, and the magnitude of the effects summarized here is
expected to be sTight.
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SODIUM SILICATES
The aqueous chemistry of the sodium silicates can be considered as the
che
mis
try
of
sil
ici
c a
cid
in
wat
er.
Imp
ort
ant
rea
cti
ons
inc
lud
e a
cid
—ba
se,
sol
ubi
lit
y,
and
pol
yme
riz
ati
on
equ
ili
bri
a a
nd
pho
tos
ynt
het
ic
pro
ces
ses
by
diatoms.
Acid
-bas
e, s
olub
ilit
y,
and
poly
meri
zati
on r
eact
ions
of s
ilic
ic a
cid
have
~
bee
n p
res
ent
ed
by
Stu
mm
gt_
al.
(19
67)
and
Stu
mm
and
Mor
gan
(19
81)
as
fol
low
s:
Si02(quartz) + 2H20 = Si(0H)4 log 10 K = -3.7 (5)
Si02(amorphous) + 2H20 = Si(OH)4 log 10 K = —2.7 (7)
Si(0H)4 = Si0(0H)3- + H’r log 10 K1 = —9.46 (8)
Si0(0H)3- = Si02(0H)2:-+ H+ log 10 K2 = -12.56 (9)
4Si(0H)4 = Si405(OH)5 + 2H+ + 4H20 log 10 K = -12.57 (10)
An
uppe
r li
mit
on t
he c
once
ntra
tion
of s
olub
le s
ilic
a in
wate
r at
pH
val
ues
les
s
tha
n
9
is
egt
gbl
ish
ed
by
the
sol
ubi
lit
y
of
amo
rph
ous
sil
ica
(Eq
uat
ion
7)
and
is
10'
-
M o
r
120
mg/
L
as
Si0
2.
The
dom
ina
nt
spe
cie
s
is
sil
ici
c
aci
d,
Si(
0H)
4.
The
sol
ubi
lit
y
of
qua
rtz
is
an
ord
er
of
mag
nit
ude
Tow
er,
abo
ut
12
mg/
L
as
SiO
z
(Eq
uat
ion
6),
but
thi
s
pre
cip
ita
tio
n
rea
cti
on
is
ver
y
slo
w
and
is
pro
bab
ly
uni
mpo
rta
nt
in
nat
ura
l
wat
ers
.
The
con
cen
tra
tio
n
of
sil
ica
in
mos
t
sur
fac
e
and
gro
und
wat
ers
is
les
s
tha
n
20
mg/
L,
and
is
con
tro
lle
d
by
the
sol
ubi
lit
y
of
alu
min
osi
lic
ate
min
era
ls
and
the
bio
log
ica
l
productions of opaline silica by diatoms.
Sod
ium
sil
ica
tes
are
pre
par
ed
by
rea
cti
ng
qua
rtz
wit
h a
bas
e,
eit
her
sod
ium
hyd
rox
ide
or
sod
ium
car
bon
ate
.
Man
y d
iff
ere
nt
sod
ium
sil
ica
tes
may
be
pre
par
ed;
the
com
pos
iti
on
of
the
pro
duc
t d
epe
nds
upo
n t
he
qua
nti
tie
s o
f s
ili
ca
and
bas
e
use
d.
Pro
duc
t
com
pos
iti
on
is
usu
all
y
rep
ort
ed
in
ter
ms
of
the
mol
ar
,
ratio
of si
licon
oxide
to so
dium
oxide
(SiOz
/Nazo
), d
enote
d an
g.
Sodiu
m
H
sil
ica
te
wit
h a
n R
of
2 i
s u
sed
mos
t o
fte
n i
n l
aun
dry
det
erg
ent
s (
Fal
con
e e
t
E
21.
,
197
7).
Thi
s c
omp
osi
tio
n i
s m
ost
lik
ely
to
for
m s
tab
le
pol
yme
ric
sil
iEE
'
f
spe
cie
s
in
sol
uti
on
(St
umm
st
31.
,
196
7).
The
se
pol
yme
ric
sil
ica
spe
cie
s
are
@
sur
fac
e a
cti
ve
and
hav
e
bee
n us
ed
as
cor
ros
ion
inh
ibi
tor
s.
Whe
n s
odi
um
l
.
sil
ica
te
is
dil
ute
d,
as
it
is
in
a w
ash
ing
mac
hin
e,
the
val
ue
of
R i
s
not
H
aff
ect
ed.
For
R =
2,
the
pol
yme
rs
can
dis
sol
ve
whe
n t
he
sil
ica
con
cen
tra
tio
n
;
is
dil
ute
d
bel
ow
the
sol
ubi
lit
y
of
amo
rph
ous
sil
ica
,
abo
ut
120
mg/
L
at
pH
5
below 9.
CONCLUSION
The
addi
tion
of s
odiu
m si
lica
te c
an b
e ex
pect
ed t
o in
crea
se t
he p
H,
al
ka
li
ni
ty
,
an
d
bu
ff
er
ca
pa
ci
ty
of
a
wa
te
r.
Th
e
ex
te
nt
of
th
es
e
ef
fe
ct
s
wil
l
’
de
pe
nd
up
on
the
am
ou
nt
ad
de
d
an
d
on
ot
he
r
ch
em
ic
al
sp
ec
ie
s
pr
es
en
t
in
th
e
wa
te
r,
pa
rt
ic
ul
ar
ly
the
in
or
ga
ni
c
ca
rb
on
sy
st
em
.
Th
e
qu
an
ti
ty
of
si
li
ca
th
at
F
ma
y
be
ad
de
d
to
aq
ua
ti
c
sy
st
em
s
th
ro
ug
h
th
e
use
of
so
di
um
si
li
ca
te
in
f
de
te
rg
en
ts
is
di
sc
us
se
d
el
se
wh
er
e
in
th
is
re
po
rt
.
It
is
sm
al
l
co
mp
ar
ed
wi
th
l
7
 
 the amount of inorganic carbon in aquatic systems, and the magnitude of these
effects is expected to be small. The polymeric silica species added to water
in a washing machine are unstable when diluted in wastewater, and can be
expected to depolymerize to silicic acid. The effects of these polymers in
wastewater or in receiving waters are also expected to be negligible. The
possible biological effects of silica on algal growth and speciation are
considered elsewhere in this report.
ALUMINOSILICATES
This discussion focuses on the synthetic sodium aluminosilicate termed
Type A zeolite or SASIL, which is composed of an extended three-dimensional
network of aluminum and silicon atoms in tetrahedral coordination with shared
oxygen atoms. The composition of a unit cell is as follows (Savitsky, 1977):
Na12[(A102)12(Si02)12].27H20
Like all zeolites, this crystalline solid is an ion exchanger. The ratio of
silicon to aluminum is one to one. The ion exchange capacity, associated with
aluminum content, is high.
Type A zeolite can be prepared by the reaction of sodium aluminate and
sodium silicate with sodium hydroxide in an aqueous solution. The resulting
ion exchanger is in the sodium form and contains small amounts of
hydroxysodalite (Na4Al3Si30120H) and aluminosilicate gel. The mean
diameter of the commercial products is about 4 um (Savitsky, 1978).
The utility of Type A zeolite as a detergent builder stems from its ion
exchange properties; these are also important in assessing its environmental
effects. As the substance is thermodynamically unstable in water, the
kinetics of its decomposition and the products of this decomposition are of
interest.
The cation exchange reaction of Type A zeolite in the sodium form may be
written as follows:
(lZ/n)Men+ + Na12 [(A102)12 (Si02)12](s) =
Me(12/n)[(A102)12 (Si02)12](s) + 12Na+ (11)
The reaction quotient of this reaction, a measure of the selectivity of
the exchanger for the cation Me"+, depends upon the size, charge, hydration,
and polarization capacity of the ions being exchanged. Considering hardness
removal during washing applications, Type A zeolite has a rapid and strong
affinity for calcium ions and a weak and slow affinity for magnesium ions
(Savitsky, 1977).
Type A zeolite has a strong affinity for several cations in addition to
calcium. Savitsky (1978) indicates the following preference in synthetic
aqueous solutions:
Pb2+ > Cd2+ > Cu2+ > Ba2+ > Sr2+ > Ca2+
8
 Schw
uger
et a
l.
(197
6) p
rovi
de t
he f
ollo
wing
orde
r of
sele
ctiv
ity,
also
in
prepared aqueous solutions:
Pb2+ > Ag+ > ou2+ > Cd2+ > 2n2+ > Co2+, Ni2+, Mn2+
Rola
nd a
nd S
chmi
d (1
978)
cond
ucte
d te
sts
on t
he s
elec
tivi
ty o
f Ty
pe A
zeol
ite
in domestic wastewater and observed a different selectivity sequence:
Cd2+ > Pb2+, Zn2+ >Cu2+, Ag+ > ng+
Equilibrium was not achieved in these latter tests.
These results are of interest because Type A zeolite, substantially
conv
erte
d to
the
calc
ium
form
in l
aund
ry a
ppli
cati
on,
may
then
remo
ve o
ther
met
als
fro
m w
ast
ewa
ter
to
whi
ch
the
was
hwa
ter
is
dis
cha
rge
d.
If
the
was
tew
ate
r i
s t
rea
ted
, t
he
zeo
lit
e a
nd
ass
oci
ate
d m
eta
ls
wou
ld
be
con
tai
ned
in
the
slu
dge
pro
duc
ed
by
the
tre
atm
ent
pla
nt.
If
tre
atm
ent
is
not
pro
vid
ed,
the
zeol
ite
and
asso
ciat
ed m
etal
s wo
uld
be d
isch
arge
d to
the
aqua
tic
envi
ronm
ent
whe
re
the
met
als
may
be
eit
her
rel
eas
ed
int
o s
olu
tio
n o
r b
e c
arr
ied
wit
h t
he
solid zeolite to sediments.
The discrepancies in the order of selectivity reported by Savitsky (1978),
Schw
uger
gt a
l.
(197
6),
and
Rola
nd a
nd S
chmi
d (1
978)
are
caus
ed b
y at
leas
t
two
fac
tor
s:
the
cal
ciu
m c
onc
ent
rat
ion
s t
est
ed
and
the
org
ani
c m
att
er
in
dom
est
ic
was
tew
ate
r.
Har
d w
ate
rs
will
ten
d t
o m
ain
tai
n T
ype
A z
eol
ite
in
the
cal
ciu
m f
orm
and
als
o,
as
not
ed
sub
seq
uen
tly
, t
o s
low
the
deg
rad
ati
on
rat
e o
f
the
cry
sta
lli
ne
sol
id.
Sol
ubl
e c
omp
lex
for
mer
s s
uch
as
the
org
ani
cs
in
was
tew
ate
r a
nd
the
chl
ori
de
in
sea
wat
er
can
com
pet
e w
ith
the
ion
exc
han
ger
for
Me+2
spec
ies,
redu
ce t
he u
ptak
e of
a gi
ven
meta
l, a
nd a
lter
the
orde
r of
the selectivity of the zeolite. Prediction of the exact effects of Type A
zeol
ite
on m
etal
spec
iati
on i
n wa
stew
ater
and
rece
ivin
g wa
ter
is c
ompl
icat
ed
by t
he p
rese
nce
of c
ompl
ex f
orme
rs i
n th
e so
luti
on a
nd b
y ki
neti
c ef
fect
s.
The products formedand the mechanisms involved in the degradation of Type
A ze
olit
e in
wate
r ar
e di
scus
sed
by C
ook
et a
l. (
1982
).
The
brea
kdow
n be
gins
with
an i
rrev
ersi
ble
ion
exch
ange
invo
lvin
g th
e up
take
of p
roto
ns.
Sinc
e th
e
exc
han
ge
is
irr
eve
rsi
ble
, t
he
cat
ion
exc
han
ge
cap
aci
ty
of
the
zeo
lit
e i
s
sub
sta
nti
all
y r
edu
ced
and
cat
ion
s a
re
rel
eas
ed
int
o s
olu
tio
n.
The
rea
cti
on
rat
e d
epe
nds
upo
n p
rot
on
act
ivi
ty;
at
hig
h p
H i
t r
equ
ire
s d
ays
, a
nd
at
low
pH
it
is
acc
omp
lis
hed
in
min
ute
s.
Cat
ion
s s
uch
as
cal
ciu
m s
low
the
deg
rad
ati
on
rat
e a
t n
eut
ral
and
alk
ali
ne
pH,
pro
bab
ly
by
com
pet
ing
wit
h p
rot
ons
for
exc
han
ge
sit
es.
The
pre
sen
ce
of
com
ple
x-f
orm
ing
lig
and
s e
nha
nce
s t
he
deg
rad
ati
on
rat
e
by
red
uci
ng
the
con
cen
tra
tio
n
of
fre
e c
omp
eti
ng
cat
ion
s
and
also by dissolving aluminum from the solid.
The
deg
rad
ati
on
rea
cti
ons
inv
olv
e a
cha
nge
in
alu
min
um
coo
rdi
nat
ion
fro
m
tet
rah
edr
al
to
oct
ahe
dra
l.
At
neu
tra
l p
H,
and
in
the
pre
sen
ce
of
dis
sol
ved
sil
ica
con
cen
tra
tio
ns
gre
ate
r t
han
abo
ut
9 m
g/L
as
Si0
2,
the
deg
rad
ati
on
can
be
vie
wed
as
an
inc
ong
rue
nt
dis
sol
uti
on
to
for
m a
min
era
l
suc
h a
s h
all
oys
ite
(Cook 23 al., 1982):
Na12[(A102)12 (Si02)12](s) + 12H+ + enzo = 6Al28i205(0H)4(s)
+ 12Na+ (12)
9
  
  
At lower silica concentrations, silicic acid is released into solution and a
mineral such as gibbsite (a-Al(0H)3) can be formed. At lower pH, aluminum
‘species are released into solution. This could occur in acid lakes.
In summary, Type A zeolite can remove soluble metals from wastewater.
As
the zeolite degrades, these metals will be released into the environment to
which the zeolite has been transported, e.g. sludge digester, lake sediment.
The degradation products of Type A zeolite are natural solid materials
(halloysite, gibbsite), soluble silicic acid, and, at low pH, soluble aluminum
spec1es.
CONCLUSION
The quantities of Type A zeolite expected in wastewater, as a result of
its use as a detergent builder, should have little effect on water quality.
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SOD I UM CARBONATE
EFFECTS ON WASTEWATER QUALITY
Carbonate
ions
are
constituents
of
natural
water.
Furthermore,
the
alkalinity
of
water
increases
in
the
course
of
its
use
in
public
water
supply
systems
(Bunch
and
Ettinger,
1964).
Thus
the
assessment
of
the
impact
of
the
use
of
carbonate
as
a
detergent
builder
involves
assessment
of
an
incremental
change
in
a
constituent
already
prevalent
in
most
wastewaters.
Results
of
a
study
by
Shannon
and
Kamp
(1973)
showed
that
complete
substitution
of
carbonate
detergent
increased
wastewater
alkalinity
by
about
70
mg/L.
In
his
studies
of
the
effects
of
carbonate
built
detergents
on
biological
wastewater
treatment,
Silberman
(1975)
added
60
and
180
mg/L
of
"carbonate
detergent"
and
indicated
that
"the
higher
level
represents
an
excess
of
three
times
the
normal
use
level“.
It
is
unclear
whether
Silberman's
carbonate
concentrations
are
expressed
as
carbonate,
alkalinity,
sodium
carbonate,
or
detergent.
King
(1978)
estimated
that
the
use
of
a
mixed
builder
system
containing
20
percent
sodium
carbonate
would
causea
raw
sewage
concentration
of
9.3
mg/L
as
sodium
carbonate
or
an
alkalinity
increase
of
8.8
mg/L
(as
CaC03).
For
comparison,
Bunch
and
Ettinger
(1964)
reported
the
average
total
alkalinity
of
the
raw
water
at
five
different
communities
in
the
United
States
to
be
140
mg/L
as
CaC03
and
indicated
that
the
alkalinity
increase:
by
122
mg/L
during
one
cycle
of
municipal
water
use
and
wastewater
rea en .
The
effect
of
carbonate
addition
on
wastewater
pH
would,
of
course,
depend
upon
the
chemical
composition
of
the
wastewater.
King
(1978)
added
twice
the
amount
of
sodium
carbonate
expected
to
be
contributed
by
use
of
a
mixed
builder
system
and
reported
a pH
increase
of 0.3
to 0.4
units.
Shannon
and
Kamp
(1973)
found
a
pH
increase
of
over
0.8
units
in
a military
housing
area
wastewater
and of
less
than 0.2
units
in
influent
to
a military
wastewater
treatment plant.
EFFECTS ON NASTEWATER TREATMENT
Coagulation and Sedimentation
Results
of
tests
conducted
by
Procter
&
Gamble
Co.
to
evaluate
the
influence
of carbonates
on
the
coagulation
and
sedimentation
of raw
wastewater
solids
were
reported
by King
(1978).
A jar
test
apparatus
was
used
and
up
to
50 mg/L
of
sodium
carbonate
were
added.
No effect
of
sedimentation
of
uncoagulated
sewage
solids
could
be
detected.
While
it
is
anticipated
that
carbonates would influence optimal chemical
coa ulant dosages,
data indicated
no
discernible
effects
on
chemical
coagulation
using
200
mg/L
of
alum
or
ferric sulfate) of raw wastewaters.
11
  
  
Biological Treatment
 
Consideration of the influence of carbonate builders on biological
was
tew
ate
r t
rea
tme
nt
pro
ces
ses
is
com
pli
cat
ed
by
car
bon
dio
xid
e p
rod
uct
ion
dur
ing
bio
log
ica
l t
rea
tme
nt.
It
is
con
cei
vab
le
tha
t t
he
con
cen
tra
tio
n o
f
bic
arb
ona
te
and
car
bon
ate
ions
wou
ld
be
gov
ern
ed
by
the
par
tia
l p
res
sur
e o
f
car
bon
dio
xid
e
in
the
sys
tem
, n
ot
by
det
erg
ent
for
mul
ati
ons
.
Sil
ber
man
(19
75)
rep
ort
ed
tha
t t
he
add
iti
on
of
car
bon
ate
det
erg
ent
s h
ad
"no
app
rec
iab
le
inf
lue
nce
" o
n p
erf
orm
anc
e o
f a
n e
xte
nde
d a
era
tio
n a
cti
vat
ed
slu
dge
sys
tem
.
Unex
plai
nabl
y,
a hi
gher
oxyg
en u
ptak
e ra
te w
as m
easu
red
in t
he s
yste
m
rece
ivin
g ca
rbon
ate.
Shan
non
(197
5)
foun
d th
at c
arbo
nate
dete
rgen
ts h
ad n
o
effe
ct o
n th
e pe
rfor
manc
e of
a fu
ll-s
cale
acti
vate
d sl
udge
wast
ewat
er
trea
tmen
t pl
ant.
Like
wise
, M
itch
ell
(197
1) r
epor
ted
that
carb
onat
e de
terg
ents
had
no e
ffec
t on
semi
cont
inuo
us l
abor
ator
y ac
tiva
ted
slud
ge s
yste
ms.
Lear
y g}
31. (1971) also reported no adverse effect of an alkaline waste on the
act
iva
ted
slu
dge
sys
tem
.
Pro
cte
r &
Gam
ble
Co.
stu
die
s r
epo
rte
d b
y K
ing
(197
8) i
ndic
ated
no a
dver
se
effe
cts o
f so
dium
carb
onat
es o
n la
bora
tory
—sca
le
trickling filters.
Biological wastewater treatment systems have also been successfully
ope
rat
ed
wit
h h
igh
er
sod
ium
con
cen
tra
tio
ns
tha
n h
ad
bee
n a
nti
cip
ate
d f
rom
the
use
of
car
bon
ate
det
erg
ent
s.
Fur
the
rmo
re,
no
dir
ect
adv
ers
e e
ffe
cts
of
sod
ium
on aerobic biological processes are known.
Phosphorus Removal
The use of carbonate—built detergents would likely increase the lime
dosa
ge r
equi
red
to r
emov
e ph
osph
orus
from
wast
ewat
er b
y pr
ecip
itat
ion.
This
con
dit
ion
occ
urs
bec
aus
e l
ime
rea
cts
wit
h a
lka
lin
ity
res
ult
ing
in
the
prec
ipit
atio
n of
calc
ium
carb
onat
e.
Slud
ge p
rodu
ctio
n wo
uld
also
incr
ease
with use ofcarbonate detergents due to the increased amount of precipitated
calc
ium
carb
onat
e.
This
anti
cipa
ted
effe
ct o
f ca
rbon
ate-
buil
t de
terg
ents
on
the lime dosage for phosphorus removal was confirmed in studies reported by
King (1978). Shannon et 31. (1977) concluded that carbonate-built detergents
"should have no significant effect on lime phosphorus removal systems"
receiving wastewaters with high alkalinity. Their data show, however, that
significantly lower degrees of phosphorus removal were achieved in systems to
which carbonate detergents were added when lime dosage remained unchanged.
Sludge Production and Characteristics
In any wastewater treatment system in which conditions favor the
precipitation of carbonates, the use of carbonate detergents would result in
increased sludge production. Phosphorus removal by the use of lime
precipitation, and ammonia stripping at high pH values are illustrations of
such treatment conditions. Silberman (1975) found that the treatment of a
synthetic wastewater containing a carbonate-built detergent by a laboratory
activated sludge system resulted in no noticable difference in sludge
production as compared with a phosphate-built detergent.
12
 A l
imi
ted
amo
unt
of
inf
orm
ati
on
is
ava
ila
ble
on
the
eff
ect
of
carbonate—built detergents on the physical properties of sludges produced in
was
tew
ate
r t
rea
tme
nt.
In
his
com
par
iso
n o
f a
cti
vat
ed
slu
dge
tre
atm
ent
of
wast
ewat
ers
rece
ivin
g c
arbo
nate
and
phos
phat
e—bu
ilt
dete
rgen
ts,
Silb
erma
n
(19
75)
fou
nd
tha
t
slu
dge
s
fro
ms
yst
ems
con
tai
nin
g
car
bon
ate
-bu
ilt
det
erg
ent
s
did
not
set
tle
as
well
as
tho
se
con
tai
nin
g p
hos
pha
te-
bui
lt
det
erg
ent
s.
How
eve
r,
the
act
iva
ted
slu
dge
con
tai
nin
g a
n i
ncr
eas
ed
con
cen
tra
tio
n o
f
car
bon
ate
dew
ate
red
to
a h
igh
er
deg
ree
tha
n t
he
oth
er
slu
dge
.
Nov
ak
et
al.
(19
77)
sho
wed
tha
t
add
iti
on
of
cal
ciu
m
car
bon
ate
to
act
iva
ted
slu
dge
inc
rea
sed
its settling velocity.
Digestion
Silberman (1975) presented results on the anaerobic digestion of wastes
con
tai
nin
g c
arb
ona
te-
bui
lt
det
erg
ent
s b
ut
not
und
er
con
dit
ion
s t
ypi
cal
of
com
mon
ana
ero
bic
slu
dge
dig
est
ers
.
How
eve
r,
no
sig
nif
ica
nt
inf
lue
nce
of
car
bon
ate
on
ana
ero
bic
dig
est
ers
is
ant
ici
pat
ed
as
res
ult
s o
f a
240
-da
y
exp
eri
men
t o
n t
he
eff
ect
s o
f s
odi
um
car
bon
ate
on
a l
abo
rat
ory
sep
tic
tan
k u
nit
sh
ow
ed
no
ad
ve
rs
e
ef
fe
ct
s
(K
in
g,
19
78
).
Soil Systems
It is conceivable that sodium resulting from the use of a carbonate
bui
lde
r
cou
ld
cau
se
dif
fic
ult
ies
in
soi
l
sys
tem
s
rec
eiv
ing
was
tew
ate
rs
or
slu
dge
s.
Exa
mpl
es
are
lan
d
app
lic
ati
on
sys
tem
s
for
was
tew
ate
rs,
slu
dge
ap
pl
ic
at
io
n
to
ag
ri
cu
lt
ur
al
lan
d,
an
d
se
pt
ic
tan
k
le
ac
hi
ng
fi
el
ds
.
If
the
add
iti
ona
l
sod
ium
fro
m
the
det
erg
ent
bui
lde
r
cau
sed
an
unf
avo
rab
le
sod
ium
ad
so
rp
ti
on
ra
ti
o,
cl
og
gi
ng
of
so
il
s
an
d
the
re
su
lt
in
g
fa
il
ur
e
of
the
tr
ea
tm
en
t
system could result.
REMOVAL BY WASTEWATER TREATMENT
No
ne
of
th
e
co
mm
on
ly
us
ed
wa
st
ew
at
er
tr
ea
tm
en
t
pr
oc
es
se
s
ar
e
sp
ec
if
ic
al
ly
in
te
nd
ed
fo
r
re
mo
va
l
of
ca
rb
on
at
es
.
As
de
sc
ri
be
d
in
pr
ev
io
us
se
ct
io
ns
,
hi
gh
pH
va
lu
es
,
su
ch
as
th
os
e
as
so
ci
at
ed
wi
th
am
mo
ni
a
st
ri
pp
in
g
or
ph
os
ph
or
us
pr
ec
ip
it
at
io
n
us
in
g
li
me
,
co
ul
d
ca
us
e
in
ci
de
nt
al
pr
ec
ip
it
at
io
n
of
ca
rb
on
at
es
.
In
bi
ol
og
ic
al
wa
st
ew
at
er
tr
ea
tm
en
t
pr
oc
es
se
s,
ca
rb
on
di
ox
id
e
is
pr
od
uc
ed
.
Th
e
in
fl
ue
nc
e
of
bi
ol
og
ic
al
tr
ea
tm
en
t
on
ca
rb
on
at
e
co
nc
en
tr
at
io
ns
mi
gh
t
be
es
ta
bl
is
he
d
by
th
e
pa
rt
ia
l
pr
es
su
re
of
ca
rb
on
di
ox
id
e
in
th
e
ga
se
ou
s
ph
as
e
during the treatment process.
CONCLUSION
Co
nv
en
ti
on
al
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
ts
wo
ul
d
no
t
ef
fe
ct
iv
el
y
re
mo
ve
ca
rb
on
at
es
or
th
e
so
di
um
wi
th
wh
ic
h
th
ey
wo
ul
d
be
ad
de
d
to
de
te
rg
en
ts
.
Ca
rb
on
at
es
wo
ul
d
no
t
be
ex
pe
ct
ed
to
in
te
rf
er
e
wi
th
th
e
pe
rf
or
ma
nc
e
of
wastewater treatment plants.
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SODIUM SILICATE
EF
FE
CT
S
ON
NA
ST
EW
AT
ER
QU
AL
IT
Y
Li
ke
ca
rb
on
at
es
,
si
li
ca
te
s
ar
e
co
mm
on
co
ns
ti
tu
en
ts
of
na
tur
al
wa
te
rs
.
Da
vi
s
(1
96
4)
in
di
ca
te
d
th
at
the
si
li
ca
co
nt
en
t
of
na
tur
al
wa
te
rs
is
le
ss
va
ri
ab
le
th
an
th
at
of
ot
he
r
di
ss
ol
ve
d
co
ns
ti
tu
en
ts
.
He
re
po
rt
ed
th
at
th
e
me
di
an
si
li
ca
co
nt
en
t
of
gr
ou
nd
wa
te
rs
wa
s
17
mg
/L
.
St
re
am
s
we
re
fo
un
d
to
ha
ve
a m
edi
an
sil
ica
con
ten
t
of
14
mg/
L
and
con
cen
tra
tio
ns
les
s
tha
n
3 m
g/L
wer
e
fo
un
d
on
ly
in
la
ke
an
d
oc
ea
n
wa
te
r
or
in
ra
in
or
sno
w.
As
se
ss
me
nt
of
the
ef
fe
ct
fr
om
us
in
g
si
li
ca
te
s
as
bu
il
de
rs
the
n,
in
vo
lv
es
co
ns
id
er
at
io
n
of
a
‘
fr
ac
ti
on
al
in
cr
ea
se
in
the
am
ou
nt
of
si
li
ca
te
al
re
ad
y
pr
es
en
t
in
mo
st
wa
te
rs
.
Be
ca
us
e
of
th
ei
r
use
as
co
rr
os
io
n
in
hi
bi
to
rs
,
si
li
ca
te
s
ar
e
al
re
ad
y
a
co
mm
on
co
ns
ti
tu
te
nt
of
de
te
rg
en
t;
Ho
pp
in
g
(1
97
7)
es
ti
ma
te
d
th
at
1.6
mg
/L
of
Si
oz
is
co
nt
ri
bu
te
d
to
wa
st
ew
at
er
s
due
to
th
is
us
ag
e.
Fa
lc
on
e
gt
_a
l,
(1
97
7)
est
ima
ted
tha
t
the
max
imu
m
pos
sib
le
inc
rem
ent
al
inc
rea
se
in
the
Si0
2
con
cen
tra
tio
n
of
was
tew
ate
rs
cau
sed
by
ful
l
uti
liz
ati
on
of
sil
ica
tes
as
bu
il
de
rs
wo
ul
d
be
6.
4
mg
/L
,
wh
il
e
Ho
pp
in
g
(19
77)
co
ns
id
er
ed
th
at
cu
rr
en
t
re
du
ce
d
ph
os
ph
at
e
de
te
rg
en
ts
co
nt
ai
ni
ng
so
di
um
si
li
ca
te
wo
ul
d
ad
d
3.3
mg
/L
of
Si
Og
to
wa
st
ew
at
er
s.
Ho
pp
in
g
(19
77)
es
ti
ma
te
d
th
at
th
e
us
e
of
de
te
rg
en
ts
cont
aini
ng 2
0 pe
rcen
t so
dium
sili
cate
woul
d ca
use
a 5
mg/L
(as
CaC0
3)
increase in wastewater alkalinity.
EFFECTS ON WASTEWATER TREATMENT
Sma
ll
inc
rea
ses
in
the
con
cen
tra
tio
n
of
sil
ica
tes
in
was
tew
ate
r
wou
ld
not
be
ex
pe
ct
ed
to
ha
ve
pr
on
ou
nc
ed
ef
fe
ct
s
on
co
mm
on
wa
st
ew
at
er
tr
ea
tm
en
t
pro
ces
ses
.
Res
ult
s
of
exp
eri
men
ts
rep
ort
ed
by
Hop
pin
g
(19
77)
ind
ica
ted
no
inf
lue
nce
of
sil
ica
tes
on
the
sed
ime
nta
tio
n o
r c
oag
ula
tio
n o
f r
aw
was
tew
ate
rs.
Sim
ila
rly
, n
o e
ffe
ct
was
obs
erv
ed
on
the
act
iva
ted
slu
dge
pro
ces
s o
r t
ric
kli
ng
fil
ter
per
for
man
ce,
and
the
con
cen
tra
tio
n o
f h
eav
y m
eta
ls
in l
abor
ator
y-sc
ale
trea
tmen
t pl
ant
effl
uent
s wa
s no
t fo
und
to b
e af
fect
ed b
y
sil
ica
tes
.
Hop
pin
g (
197
7)
als
o r
epo
rte
d n
o i
nte
rfe
ren
ce
wit
h t
he
che
mic
al
pre
cip
ita
tio
n o
f p
hos
pha
tes
,
but
, i
f l
ime
wer
e u
sed
,
a s
lig
ht
inc
rea
se
in
che
mic
al
dos
age
wou
ld
be
ant
ici
pat
ed
bec
aus
e o
f t
he
inc
rea
se
in
alk
ali
nit
y
caused by the silicates.
Data
repo
rted
by H
oppi
ng (
1977
) su
gges
ted
impr
oved
remo
val
of h
eavy
meta
ls
in
was
tew
ate
r
tre
atm
ent
whe
n s
ili
cat
e b
uil
der
s w
ere
use
d.
Thi
s c
ond
iti
on
res
ult
ed
in
an
inc
rea
se
in
the
hea
vy
met
al
con
ten
t o
f w
ast
e s
lud
ge.
The
ave
rag
e i
ncr
eas
e i
n t
he
hea
vy
met
al
con
ten
t o
f s
oli
ds
fro
m w
ast
ewa
ter
con
tai
nin
g s
ili
cat
e b
uil
der
was
12
per
cen
t f
or
the
7 m
eta
ls
mon
ito
red
by
Hop
pin
g.
Dif
fer
enc
es
bet
wee
n t
he
sil
ica
te
uni
ts
and
con
tro
l u
nit
s r
ang
ed
fro
m
minus 7 percent (for iron) to plus 36 percent (for nickel).
Info
rmat
ion
on t
he i
nflu
ence
of s
ilic
ates
on s
ludg
e t
reat
ment
and
disp
osal
proc
esse
s, l
and
appl
icat
ion
syst
ems,
and
sept
ic t
anks
and
tile
fiel
ds i
s no
t
kno
wn
to
exi
st.
How
eve
r,
adv
ers
e e
ffe
cts
are
not
ant
ici
pat
ed.
As
wit
h s
ome
oth
er
bui
lde
rs,
the
inc
rea
se
in
sod
ium
con
cen
tra
tio
n a
cco
mpa
nyi
ng
the
use
of
sil
ica
tes
cou
ld
be
of
con
cer
n
in
soi
l
sys
tem
s r
ece
ivi
ng
sep
tic
tan
k e
ffl
uen
t,
was
tew
ate
r,
or
slu
dge
s w
hen
adv
ers
e s
odi
um
ads
orp
tio
n r
ati
os
exi
ste
d.
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The concentration of silicates in wastewaters with or without
silicate-built detergents would, at ordinary pH values, be below the
solu
bili
ty l
imit
of s
ilic
ates
.
Sign
ific
ant
remo
val
of s
ilic
ates
woul
d no
t be
exp
ect
ed
in
con
ven
tio
nal
was
tew
ate
r t
rea
tme
nt
and
has
not
bee
n o
bse
rve
d
(Hop
ping
, 1
977)
.
Impr
oved
remo
val
of h
eavy
meta
ls,
howe
ver,
migh
t oc
cur
(see
previous section).
CONCLUSION
Sil
ica
tes
wou
ld
not
be
exp
ect
ed
to
int
erf
ere
wit
h t
he
ope
rat
ion
of
wastewater treatment plants.
ALUMINOSILICATES
EFFECTS ON NASTENATER QUALITY
Bas
ed
on
the
use
of
20
per
cen
t b
y w
eig
ht
of
anh
ydr
ous
sod
ium
alu
min
osi
lic
ate
s i
n a
ll
gra
nul
ar
lau
ndr
y d
ete
rge
nts
, H
opp
ing
(19
78a
)
cal
cul
ate
d t
hat
raw
was
tew
ate
r c
onc
ent
rat
ion
s o
f t
he
zeo
lit
e w
oul
d b
e a
n
ave
rag
e
of
10
mg/
L,
or
app
rox
ima
tel
y
5 p
erc
ent
of
typ
ica
l
raw
was
tew
ate
r
sus
pen
ded
sol
ids
con
cen
tra
tio
ns.
Sim
ila
rly
,
Hop
pin
g
(19
78b
)
and
Bau
man
n
et
31.
(19
81)
ass
ume
d a
typ
ica
l
zeo
lit
e c
onc
ent
rat
ion
in
raw
was
tew
ate
r o
f 1
5‘
mg/
L.
In
exp
eri
men
ts
sim
ula
tin
g
tre
atm
ent
of
hou
seh
old
was
tew
ate
rs
in
sep
tic
tan
ks,
52—
69
mg/
L o
f
hyd
rou
s
sod
ium
zeo
lit
e
wer
e
use
d
(H0
ppi
ng,
197
8b)
.
Higher sodium aluminosilicate concentrations have beenconsidered in
Eur
ope
an
stu
die
s.
For
exa
mpl
e,
Rol
and
(19
80)
ass
ume
d
tha
t
an
ave
rag
e
co
nc
en
tr
at
io
n
of
40
mg
/L
wo
ul
d
oc
cu
r
in
wa
st
ew
at
er
.
St
ov
el
an
d
et
a
.
(19
79)
,
in
vo
ki
ng
ar
gu
me
nt
s
ba
se
d
on
th
e
re
la
ti
ve
ef
fe
ct
iv
en
es
s
of
al
um
in
os
il
ic
at
es
an
d
ph
os
ph
at
es
,
co
nc
lu
de
d
th
at
a
co
nc
en
tr
at
io
n
in
th
e
or
de
r
of
50
to
10
0
mg
/L
wo
ul
d
be
us
ed
.
Co
ns
id
er
in
g
th
e
in
ef
fe
ct
iv
en
es
s
of
so
di
um
al
um
in
os
il
ic
at
es
in
ex
ch
an
gi
ng
ma
gn
es
iu
m,
St
ov
el
an
d
an
d
hi
s
co
—w
or
ke
rs
co
nc
lu
de
d
th
at
a
ty
pi
ca
l
co
nc
en
tr
at
io
n
of
so
di
um
al
um
in
os
il
ic
at
e
in
se
tt
le
d
wa
st
ew
at
er
wo
ul
d
be
30
mg
/L
.
As
su
mi
ng
ap
pr
ox
im
at
el
y
50
pe
rc
en
t
re
mo
va
l
of
th
e
ma
te
ri
al
in
pr
im
ar
y
se
di
me
nt
at
io
n
(s
ee
be
lo
w)
th
e
co
nc
en
tr
at
io
n
of
so
di
um
al
um
in
os
il
ic
at
e
in
ra
w
wa
st
ew
at
er
wo
ul
d
re
pr
es
en
t
ro
ug
hl
y
25
pe
rc
en
t
of
th
e
su
sp
en
de
d
so
li
ds
contained in American wastewaters.
EFFECTS ON WASTEWATER TREATMENT
Biological Treatment
Ho
pp
in
g
(1
97
8a
)
su
mm
ar
iz
ed
a
va
ri
et
y
of
di
ff
er
en
t
la
bo
ra
to
ry
-s
ca
le
ac
ti
va
te
d
sl
ud
ge
ex
pe
ri
me
nt
s
wh
ic
h
de
mo
ns
tr
at
ed
th
at
so
di
um
al
um
in
os
il
ic
at
es
ha
d
no
ef
fe
ct
on
th
e
pe
rf
or
ma
nc
e
of
th
e
ac
ti
va
te
d
sl
ud
ge
pr
oc
es
s.
Si
mi
la
rl
y,
Fi
sc
he
r
et
al
.
(1
97
8)
re
po
rt
ed
th
at
so
di
um
al
um
in
os
il
ic
at
es
ha
d
no
ef
fe
ct
on
la
bo
ra
to
ry
ac
ti
va
te
d
sl
ud
ge
sy
st
em
s;
Ro
la
nd
(1
98
0)
in
di
ca
te
d
no
si
gn
if
ic
an
t
ef
fe
ct
s
on
th
e
re
mo
va
l
of
BO
D
or
CO
D
in
ac
ti
va
te
d
sl
ud
ge
tr
ea
tm
en
t.
15
1
“
“
.
.
1
‘
1
:
A
.
 
Ho
pp
in
g
(1
97
8b
),
re
po
rt
in
g
on
fu
ll
-s
ca
le
ac
ti
va
te
d
sl
ud
ge
tr
ea
tm
en
t
re
su
lt
s,
in
di
ca
te
d
no
ad
ve
rs
e
ef
fe
ct
s
du
e
to
th
e
pr
es
en
ce
of
so
di
um
al
um
in
os
il
ic
at
es
.
Th
os
e
st
ud
ie
s
de
mo
ns
tr
at
ed
th
at
th
e
al
um
in
um
co
nc
en
tr
at
io
n
in
th
e
ac
ti
va
te
d
sl
ud
ge
mi
xe
d
li
qu
or
in
cr
ea
se
d
to
16
mg
/L
be
ca
us
e
of
th
e
pr
es
en
ce
of
th
e
de
te
rg
en
t
bu
il
de
r,
an
d,
ba
se
d
on
th
e
an
hy
dr
ou
s
fo
rm
of
th
e
ma
te
ri
al
,
th
e
co
nc
en
tr
at
io
n
of
th
e
so
di
um
Ty
pe
A
ze
ol
it
e
in
cr
ea
se
d
to
84
mg
/L
in
th
e
mi
xe
d
li
qu
or
of
th
e
ac
ti
va
te
d
sl
ud
ge
pr
oc
es
s.
Th
is
la
tt
er
co
nc
en
tr
at
io
n
is
le
ss
th
an
wo
ul
d
be
ex
pe
ct
ed
.
If
,
fo
r
ex
am
pl
e,
th
e
me
an
ce
ll
re
si
de
nc
e
ti
me
in
th
e
ac
ti
va
te
d
sl
ud
ge
pr
oc
es
s
we
re
8
da
ys
an
d
th
e
hy
dr
au
li
c
re
si
de
nc
e
ti
me
4
ho
ur
s,
th
en
fr
om
a
ma
ss
ba
la
nc
e
th
e
co
nc
en
tr
at
io
n
of
a
co
ns
er
va
ti
ve
su
sp
en
de
d
so
li
d
ma
te
ri
al
fr
om
th
e
in
fl
ue
nt
,
su
ch
as
so
di
um
al
um
in
um
ze
ol
it
e,
wo
ul
d
be
ex
pe
ct
ed
to
in
cr
ea
se
by
a
fa
ct
or
eq
ua
l
to
th
e
me
an
ce
ll
re
si
de
nc
e
ti
me
di
vi
de
d
by
th
e
hy
dr
au
li
c
re
si
de
nc
e
ti
me
,
or
48
fo
ld
.
He
nc
e,
th
e
co
nc
en
tr
at
io
n
of
ze
ol
it
e
in
th
e
as
su
me
d
ac
ti
va
te
d
sl
ud
ge
sy
st
em
wo
ul
d
be
48
ti
me
s
th
at
in
th
e
in
fl
ue
nt
,
or
48
0
mg
/L
,
us
in
g
Ho
pp
in
g'
s
(1
97
8b
)
assumptions.
Fis
che
r g
t_a
l,
(19
78)
sug
ges
ted
som
e i
mpr
ove
men
t i
n t
he
set
tle
abi
lit
y o
f
ac
ti
va
te
d
sl
ud
ge
du
e
to
th
e
pr
es
en
ce
of
a
so
di
um
al
um
in
os
il
ic
at
e
bu
il
de
r.
In
de
ed
,
ba
se
d
on
the
ac
cu
mu
la
ti
on
of
th
e
in
er
t
ma
te
ri
al
de
sc
ri
be
d
in
th
e
pr
ev
io
us
pa
ra
gr
ap
h,
su
ch
im
pr
ov
em
en
t
in
se
tt
le
ab
il
it
y
se
em
s
pl
au
si
bl
e.
Ho
pp
in
g
(1
97
8a
)
on
th
e
ot
he
r
ha
nd
,
in
di
ca
te
d
th
at
so
di
um
al
um
in
o-
si
li
ca
te
fr
om
de
te
rg
en
ts
ha
d
no
ef
fe
ct
on
ac
ti
va
te
d
sl
ud
ge
se
tt
le
ab
il
it
y.
Fis
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would likely be increased by the use of sodium aluminosilicate as a detergent
builder, but new studies by Holman and Hopping (1980) suggest that the volume
of the sludge may not be increased.
Sludge Management
Based on the assumption of 12.1 mg/L calcium aluminum zeolite in feed
wastewater, Hopping (1978a) calculated that the quantity of dry sludge solids
would increase by 7.3 percent. The corresponding increase in suspended solids
content of anaerobically digested sludge was estimated to be 12 percent.
l Baumann et 31} (1981) estimated that the increase in the mass of dry suspended
' solids fETlowing anaerobic digestion would be 6 percent.
In laboratory studies reported by Hopping (1978a), no effect was noted on
the performance of anaerobic digesters except for an increase in supernatant
liquid aluminum concentration due to solubilization of sodium aluminosilicate
during anaerobic digestion. Based on aluminum measurements, 96 percent of the
aluminum remained in the anaerobic digester. Roland and Schmid (1978)
reported that the presence of Type A zeolite, in concentrations up to 50
percent by weight of dry sludge solids, did not affect the production of gas
from laboratory anaerobic digesters. Similarly, Baumann et al. (1981)
indicated that sodium aluminosilicates had no effect on the production of gas
in anaerobic digesters.
The presence of sodium aluminosilicate in sludges was reported by Roland
(1979) to have a beneficial effect on the dewaterability of wastewater sludges.
Similarly, Hopping (1978a) suggested an improvement in dewaterability if
sodium aluminosilicates were contained in high concentration. Roland and
Schmid (1979) and Roland (1980) indicated no such effect.
It has been suggested that the presence of sodium aluminosilicates results
in the reduction of heavy metal discharges from wastewater treatment plants
(Roland and Schmid, 1978). Indeed, Kurzendorfer et al. (1979) suggested that
detoxification of heavy metals occurs as a result—af'ﬁsing sodium
aluminosilicate. Removal of heavy metals from wastewater by zeolites, and
subsequent release in sludge from breakdown of zeolites could increase heavy
metal concentrations in digesters and land application systems. However, data
presented by Baumann et al. (1981) suggest no increase of heavy metal
concentrations in digesters.
REMOVAL IN NASTEWATER TREATMENT PROCESSES
 
I Quantitative evaluation of the fate of sodium aluminosilicates in i
a wastewater treatment processes is complicated by analytical problems. These 3
problems have been reviewed by Hopping (1978a). g
Primary Treatment }
While the small size of sodium aluminosilicate particles (80 percent of
the mass of the material being comprised of particles with diameters of 2 to 6
pm (Hopping, 1978b)) makes their removal by sedimentation unlikely, the
particles apparently agglomerate with wastewater solids so as to be
effectively removed in primary sedimentation tanks. While Baumann st 31.
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SODIUM CARBONATE
TOXICITY
Sodium carbonate was among the first inorganic salts to be tested in
bioassays with aquatic organisms. For example, Wells (1915) found 530 mg/L to
be lethal to sunfish (Lepomis pallidus) within three days. More recent tests
with sunfish (L. macrohirus) have supported Hell's work, giving LC5o values*
of: 384 mg/L at 24 hr (Dowden and Bennett, 1965), 300 mg/L at 96 hr (Cairns
and Scheier, 1959), 320 mg/L at 96 hr (Patrick et al., 1968), 357 mg/L at 96
hr (Procter & Gamble Co., unpublished), and zoo—ﬁg7r for more than 7 days
(Sanborn, 1945). Fathead minnows (Pimephales romelas) have a similar 96-hour
L050 of 267 mg/L (Jungerman and Silberman, 1972 , while carp (C rinus
car i0) and goldfish (Carassius auratus) are somewhat more tolerant (Sanborn,
19 , Keller et al., 1941). ihe most susceptible fish appear to be the
salmonids. HEYUU—et al. (1952) reported a 5—day "minimum lethal
concentration" of 68'mg/L for chinook salmon (Oncorhynchus tshawytscha), 70
mg/L for coho (O. kisutch) and 80 mg/L for trout (Salmo clarki). Considering
the distribution—of salmonids in hard waters and sea water (alkalinity = 2.3
meg/L) the reported lethal concentrations seem low.
 
Da hnia ma na, a cladoceran, has a tolerance for sodium carbonate similar
to tﬁag of f1sg. Anderson (1944) found a toxic threshold of 424 mg/L for
exposures of 48 hr in Lake Erie water. Dowden and Bennett (1965) determined
the 48 hr LC5O to be 265 mg/L in lake water and 565 mg/L in a reference
water.
Their tests on planaria (Du esia EB.) and snail eggs (L mnaea ﬁg.)
yielded similar toxicities. The mos sen51tive invertebrate tested, t e
amphipod Hyallela, gave L050 concentrations of 176 mg/L sodium carbonate at
48 hr and 67 mg7L at 96 hr.
The toxic effect in these acute bioassays is presumably due to an increase
in pH, with associated damage to respiratory surfaces (EIFAC, 1969). For
example, Sanborn's (1945) continuous flow tests produced pHs above 10 at
sodium carbonate concentrations of 200 mg/L or more. Most of the other
studies did not report pH. As with many such nonspecific tests, acclimation
of the test organisms to the final water quality conditions is an important
factor determining the outcome.
Apparently no chronic bioassays for sodium carbonate with aquatic
organisms have been reported. Considering its fate in natural waters and its
negligible toxicity, (toxic concentrations being in the hundreds of mg/L)
chronic testing does not appear to be justified.
*Concentration lethal to 50 per cent of organisms.
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2
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3
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4
9.7
Sewage A - hardness
Sewage B - hardness
35 mg/L, as CaC03
275 mg/L, as CaCO3
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 Neither of the wastewaters exceeded pH 9 at carbonate concentrations up t
lOO mg/L far in excess of expected environmental levels. Reviewers of the
U.S. EPA Water Quality Criteria (Thurston et al., l979) recommended an upper
limit of pH 9 and a change of no more than—U.6_pH units outside the estimated
natural seasonal maximum or minimum for a "high level of protection" to
aquatic life. Similarly a maximum change of + l.0 unit would afford
"moderate" protection. Carbonate builders shBuld not affect these goals
appreciably.
One potential problem associated with the use of alkaline builders is the
related effect of increased pH on ammonia toxicity to aquatic organisms. An
increase in pH from 7 to 8 raises the toxicity of ammonia almost lO-fold
because of the increased proportion of un-ionized NH3 (U.S.EPA, l977).
Although the ammonia would be the actual toxicant in the wastewater, alkaline
solutes could aggravate the situation.
CONCLUSION
Sodium carbonate is not toxic to aquatic organisms at levels expected to
occur in receiving waters. Indirect effects caused by changes in pH or
alkalinity should also be negligible.
SODIUM SILICATE
TOXICITY
As with carbonates, the acute toxicity of sodium silicate appears to be an
effect caused by high pH. Unbuffered solutions of sodium silicate greater
than about 200 mg/L produce strongly alkaline conditions (pH > 9.0) that are
detrimental to fish and invertebrates.
The 96 hr L050 for sunfish (L. macrochirus) was found to be 30l-478 mg/L
sodium silicate at pH values of 975 to IU.1 (Rapping, l977). By comparison,
Cairns and Scheier (l959) used NaOH to produce a 96 hr LC50 at pH 9.5 - l0.4
for L. macrochirus. McKee and Wolf (1963) reported 250 mg/L sodium silicate
to be—non-toxic to young rainbow trout (S. airdneri) in 24 hours.
Mosquitofish (Gambusia affinis) in turbid—water s owed a greater tolerance,
with a 96 hr LC50 of 2320 mg7L, above the solubility limit for amorphous
silica (Wallen e: 31., l957).
Two studies on the cladoceran Daphnia ma na determined toxicities of
sodium silicate alone and in combination wi sodium carbonate. The 96 hr
LC5 levels for sodium silicate were 2l6 mg/L (l.2mM) and 247 mg/L (l.4mM)
in gake water and reference water reSpectively (Dowden and Bennett, l965).
Freeman and Fowler (l953) found 50 percent immobilization of Da hnia in lOO
hours at l58 mg/L (0.87mM) and pH 9.l. Combinations of sodium silicate and
sodium carbonate caused 50 percent immobilization in l00 hours at 85 mg/L
(0.47mM) sodium silicate with l80 mg/L (l.7mM) sodium carbonate at pH 9.3
(Freeman and Fowler, l953). Similarly, l30 mg/L (0.74mM) sodium silicate plus
265 mg/L (2.5mM) sodium carbonate produced acute mortality in 24 hours (Dowden
and Bennett, l965). Thus the total molar concentration of the combined
builders required to produce toxicity was greater than the toxic concentration
23
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pinf
ish,
Lago
don
rhom
boid
es)
tole
rate
d co
ncen
trat
ions
up t
o 78
0 mg
7[
for
96
hours.
 
Maki and Macek (1978) also reported the results of chronic exposures with
Daph
nia,
the
dipt
eran
midg
e Pa
rata
nyta
rsus
part
heno
geni
ca,
and
fath
ead
minn
ows.
The
50 p
er c
ent
effe
ct c
once
ntra
tibn
s fo
r Da
hnia
afte
r 21
days
were
211
mg/L
for
tota
l yo
ung
prod
ucti
on
and
215
mg/L
for
agul
t su
rviv
al.
The
maxi
mum
no-e
ffec
t co
ncen
trat
ion
for
Ba h
nia
was
129-
264
mg/L
, wh
ile
a si
mila
r
leve
l o
f 1
00-
200
mg/
L w
as
det
erm
ine
d f
or
the
mid
ge.
In
the
mid
ge
test
s,
SAS
par
tic
les
wer
e a
llo
wed
to
set
tle
on
the
sub
str
ate
use
d b
y t
he
mid
ge
lar
vae
for
cas
e m
aki
ng.
Con
cen
tra
tio
ns
of
SAS
gre
ate
r t
han
100
mg/
L a
ppa
ren
tly
alt
ere
d
the
phys
ical
char
acte
rist
ics
of t
he s
ubst
rate
and
hind
ered
adul
t em
erge
nce.
By
com
par
iso
n,
tes
ts
wit
h k
aol
in
cla
y p
rod
uce
d a
sim
ila
r i
mpa
irm
ent
at
concentrations of about 50 mg/L.
 
A 3
0-d
ay
tes
t w
ith
fat
hea
d m
inn
ows
sho
wed
no
sig
nif
ica
nt
eff
ect
s o
f
sus
pen
ded
SAS
on
hat
cha
bil
ity
,
sur
viv
al,
or
gro
wth
at
the
hig
hes
t
con
cen
tra
tio
n t
est
ed,
87
mg/
L.
Kao
lin
cla
y w
as
als
o i
nne
ffe
cti
ve
at
sim
ila
r
concentrations.
Long term pond studies by Hamm and Raff (1978) failed to show any
del
ete
rio
us
eff
ect
s o
f S
AS
on
zoo
pla
nkt
on,
mac
roi
nve
rte
bra
te,
or
fis
h
pop
ula
tio
ns.
The
pon
ds
wer
e t
rea
ted
eit
her
wit
h 8
0-2
00
mg/
L S
AS
und
er
sta
tic
con
dit
ion
s,
or
wit
h a
con
tin
uou
s
inp
ut
of
app
rox
ima
tel
y 1
5 m
g/L
.
Pop
ula
tio
n
cha
nge
s w
ere
mon
ito
red
in
con
tro
l a
nd
tre
ate
d p
ond
s a
fte
r a
ful
l
sea
son
las
tin
g
fro
m
Apr
il
to
Nov
emb
er.
Alt
hou
gh
som
e S
AS
acc
umu
lat
ed
on
the
bot
tom
of
the
flo
w-t
hro
ugh
pon
d,
it
app
are
ntl
y
had
no
eff
ect
on
the
fis
h
or
ben
thi
c
invertebrates.
The results of the toxicity tests reported in these studies indicate a
wid
e m
arg
in
of
saf
ety
bet
wee
n e
ffe
ct
con
cen
tra
tio
ns
and
the
lev
els
exp
ect
ed
in
the
env
iro
nme
nt.
Ass
umi
ng
a m
axi
mum
con
cen
tra
tio
n o
f 7
mg/
L S
AS
in
inf
lue
nt
sew
age
, w
ith
no
dil
uti
on
or
rem
ova
l,
a s
afe
ty
fac
tor
of
app
rox
ima
tel
y
14
wou
ld
app
ly
for
aqu
ati
c o
rga
nis
ms,
whi
ch
can
tol
era
te
at
lea
st
100
mg/
L o
ver
ext
end
ed
per
iod
s.
Und
er
mor
e
typ
ica
l
con
dit
ion
s
of
rem
ova
l
by
was
te
tre
atm
ent
and
dil
uti
on
by
rec
eiv
ing
wat
ers
, f
inal
env
iro
nme
nta
l c
onc
ent
rat
ion
s o
f 0
.2
to
1.0
mg/
L c
an
be
exp
ect
ed
(Mak
i a
nd
Mac
ek,
1978
).
At
the
se
low
er
con
cen
tra
tio
ns,
saf
ety
fac
tor
s o
f 1
00
to
500
wou
ld
be
all
owe
d f
or
the
protection of aquatic fauna.
EFFECTS OF SUSPENDED SOLIDS
 
The
tox
ici
ty
tes
ts
com
par
ing
sus
pen
ded
SAS
to
kao
lin
cla
y i
ndi
cat
e t
hat
SAS
act
s
mai
nly
as
a n
ons
pec
ifi
c
par
tic
le
wit
h
lit
tle
or
no
inh
ere
nt
tox
ici
ty.
Mos
t a
qua
tic
org
ani
sms
are
aff
ect
ed
to
som
e e
xte
nt
by
hig
h
co
nc
en
tr
at
io
ns
or
su
sp
en
de
d
so
li
ds
.
Re
vi
ew
s
by
So
re
ns
en
gt
_a
l.
(1
97
7)
an
d
oth
ers
on
a v
ari
ety
of
par
tic
ula
te
mat
eri
als
sho
w
tha
t c
onc
ent
rat
ion
s
of
se
ve
ra
l
hu
nd
re
d
mg
/L
su
sp
en
de
d
so
li
ds
ar
e
us
ua
ll
y
re
qu
ir
ed
to
sh
ow
ha
rm
fu
l
eff
ect
s.
Suc
h
hig
h
con
cen
tra
tio
ns,
whi
ch
app
ear
tur
bid
,
may
act
to
red
uce
li
gh
t
pe
ne
tr
at
io
n,
im
pa
ir
vi
si
on
,
or
ir
ri
ta
te
gi
ll
s
or
ot
he
r
se
ns
it
iv
e
25
   
 
 
 
ti
ss
ue
s.
Re
vi
ew
er
s
of
th
e
U.
S.
E
P
A
W
a
t
e
r
Q
ua
l
i
t
y
C
r
i
t
e
r
i
a
of
19
77
(T
hu
rs
to
n
et
al
.,
19
79
)
gi
ve
10
0
mg
/L
no
n-
fi
lt
er
ab
le
so
li
ds
as
a
ge
ne
ra
]
le
ve
l
of
E
r
o
t
€
c
t
i
o
n
fo
r
m
o
s
t
ha
bi
ta
ts
,
al
th
ou
gh
m
a
n
y
ri
ve
rs
an
d
e
s
t
ua
r
i
e
s
ha
ve
h
i
g
h
e
r
le
ve
ls
na
tu
ra
ll
y.
Cl
ea
rl
y,
th
e
ex
pe
ct
ed
ad
di
ti
on
s
of
SA
S
fr
om
se
wa
ge
wo
ul
d
no
t
co
nt
ri
bu
te
si
gn
if
ic
an
tl
y
to
an
y
in
di
re
ct
ef
fe
ct
s
ca
us
ed
by
su
sp
en
de
d
solids.
Th
er
e
is
a
po
ss
ib
il
it
y
th
at
pa
rt
ic
ul
at
e
SA
S
co
ul
d
be
in
ge
st
ed
by
fi
lt
er
-f
ee
di
ng
or
be
nt
hi
c
aq
ua
ti
c
or
ga
ni
sm
s.
Cr
ys
ta
ll
in
e
Ty
pe
A
ze
ol
it
e
ha
s
an
av
er
ag
e
pa
rt
ic
le
si
ze
4
um
,
wi
th
mo
st
in
th
e
1-
5
um
ra
ng
e
(S
av
it
sk
y,
19
78
).
Si
nc
e
ty
pi
ca
l
fo
od
si
ze
s
of
zo
op
la
nk
to
n
ar
e
1—
20
um
fo
r
ro
ti
fe
rs
an
d
1-
50
pm
fo
r
cl
ad
oc
er
an
s
(A
ll
an
,
19
76
),
th
e
sm
al
le
r
aq
ua
ti
c
fo
rm
s
mi
gh
t
se
le
ct
iv
el
y
fi
lt
er
SA
S
fr
om
wa
te
r.
Ma
ki
an
d
Ma
ce
k
(1
97
8)
pr
op
os
ed
th
at
in
ge
st
io
n
of
th
e
no
n-
nu
tr
it
iv
e
SA
S
by
Da
ph
ni
a
an
d
mi
dg
es
mi
gh
t
ac
co
un
t
fo
r
so
me
re
du
ct
io
n
in
gr
ow
th
or
re
pr
od
uc
ti
on
at
ex
po
su
re
co
nc
en
tr
at
io
ns
ab
ov
e
ap
pr
ox
im
at
el
y
20
0
mg
/L
.
In
an
y
ca
se
,
th
e
co
nc
en
tr
at
io
n
at
wh
ic
h
si
gn
if
ic
an
t
ef
fe
ct
s
co
ul
d
oc
cu
r
is
hi
gh
in
re
la
ti
on
to
ex
pe
ct
ed
en
vi
ro
nm
en
ta
l
le
ve
ls
of
SA
S.
Fu
rt
he
rm
or
e,
th
er
e
is
no
ev
id
en
ce
th
at
in
ge
st
io
n
of
SA
S
co
nt
ri
bu
te
s
to
bi
oa
cc
um
ul
at
io
n
in
su
ch
or
ga
ni
sm
s.
B
I
O
A
C
C
U
M
U
L
A
T
I
O
N
P
O
T
E
N
T
I
A
L
Th
e
po
nd
st
ud
ie
s
of
Ha
mm
an
d
Ra
ff
(1
97
8)
we
re
co
nd
uc
te
d
wi
th
in
di
um
la
be
le
d
SA
S
so
th
at
ac
cu
mu
la
ti
on
in
se
di
me
nt
an
d
bi
ot
a
co
ul
d
be
me
as
ur
ed
.
Nh
il
e
in
di
um
wa
s
de
te
ct
ab
le
in
th
e
gu
t
co
nt
en
t
of
va
ri
ou
s
fi
sh
fr
om
tr
ea
te
d
po
nd
s
(5
.7
mg
/k
as
h
re
si
du
e)
,
th
e
in
di
um
co
nt
en
t
of
in
te
st
in
al
ep
it
he
li
a,
gi
ll
,
an
d
bo
ne
0.
7,
0.
3,
an
d
0.
2
mg
/k
g,
re
sp
ec
ti
ve
ly
)
wa
s
sc
ar
ce
ly
ab
ov
e
th
e
de
te
ct
io
n
li
mi
t,
an
d
we
ll
be
lo
w
co
nc
en
tr
at
io
ns
fo
un
d
in
ma
cr
op
hy
te
s.
Sn
ai
ls
(L
ne
a
st
a
na
li
s)
fr
om
th
e
sa
me
po
nd
s
ha
d
si
mi
la
rl
y
lo
w
co
nc
en
tr
at
io
ns
.
Fu
rg
ﬁe
rm
or
e,
15
he
ld
in
SA
S-
fr
ee
wa
te
r
fo
r
4
we
ek
s
co
nt
ai
ne
d
no
de
te
ct
ab
le
in
di
um
.
Mu
ss
el
s
(U
ni
o
tu
mi
du
s)
an
d
be
nt
hi
c
Tu
bi
fe
x
wo
rm
s
ex
po
se
d
to
25
0
mg
/L
SA
S
fo
r
4
we
ek
s
in
te
st
ve
ss
el
s
sh
ow
ed
no
si
gn
if
ic
an
t
in
di
um
ac
cu
mu
la
ti
on
(F
is
he
r
an
d
Go
de
,
19
77
).
Th
us
,
a
va
ri
et
y
of
or
ga
ni
sm
s
th
at
mi
gh
t
in
ge
st
su
sp
en
de
d
SA
S
or
co
nt
ac
t
th
e
ma
te
ri
al
in
se
di
me
nt
sh
ow
ed
no
ev
id
en
ce
of
bioaccumulation.
 
EF
FE
CT
S
OF
ME
TA
L
IN
TE
RA
CT
IO
NS
Th
e
ab
il
it
y
of
SA
S
to
ex
ch
an
ge
he
av
y
me
ta
ls
ma
y
ac
t
to
re
du
ce
th
e
to
xi
ci
ty
of
su
ch
me
ta
ls
to
aq
ua
ti
c
or
ga
ni
sm
s.
Fi
sh
er
an
d
Go
de
(1
97
7)
fo
un
d
a
si
gn
if
ic
an
t
re
du
ct
io
n
in
th
e
to
xi
ci
ty
of
Cu
SO
4
to
Da
ph
ni
a
(2
4
hr
L0
50
=
0.
25
mg
/L
wi
th
ou
t
SA
S
an
d
0.
42
mg
/L
wi
th
20
mg
/L
ca
c1
um
—
SA
S)
.
In
ot
he
r
te
st
s,
th
ey
fo
un
d
10
X
or
gr
ea
te
r
re
du
ct
io
ns
in
th
e
to
xi
ci
ty
to
Da
hn
ia
an
d
fi
sh
(I
du
s)
of
co
pp
er
,
me
rc
ur
y,
an
d
ca
dm
iu
m
mi
xe
d
wi
th
SA
S.
Th
e
ad
di
ti
on
of
5
or
20
mg
7E
of
th
e
ch
el
at
in
g
ag
en
t
ED
TA
di
d
no
t
al
te
r
th
e
to
xi
ci
ty
of
SA
S
co
nt
ai
ni
ng
1-
3
pe
rc
en
t
he
av
y
me
ta
ls
.
Th
e
re
du
ct
io
n
of
he
av
y
me
ta
l
to
xi
ci
ty
is
pr
ob
ab
ly
un
li
ke
ly
un
de
r
en
vi
ro
nm
en
ta
l
co
nd
it
io
ns
si
nc
e
SA
S
wo
ul
d
or
di
na
ri
ly
be
pr
es
en
t
at
le
ss
th
an
1
mg
/L
.
Ho
pp
in
g
(1
97
8)
re
po
rt
ed
th
at
th
e
ad
di
ti
on
of
10
mg
/L
of
SA
S
di
d
no
t
si
gn
if
ic
an
tl
y
re
du
ce
th
e
me
as
ur
ea
bl
e
co
nc
en
tr
at
io
ns
of
Ca
,
Mg
,
Na
,
Zn
,
Cu
,
or
Pb
in
ri
ve
r
wa
te
r,
al
th
ou
gh
Cd
wa
s
re
du
ce
d
so
me
wh
at
.
At
1
mg
/L
SA
S,
ev
en
Cd
was unaffected. ‘
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 CONCLUSION
The use ofaluminosilicate as a detergent builder is unlikely to have any
significant adverse effects on freshwater or marine fauna.
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Eutrophication Effects
SODIUM CARBONATE
TOXICITY TO ALGAE
Although sodium carbonate is a natural substance occurring in all waters,
tests have been conducted to determine its toxicity to algae. One such test,
run by Procter & Gamble Co. (King, 1978), indicated that sodium carbonate in
excess of 200 mg/L has no effect on the growth of Selenastrum capricornutum,
Anabaena flos-a uae and Microcystis aeruginosa over a 22—day period. Patrick
3: al. 119585 determined that concentrations of sodium bicarbonate had to
reach 650 mg/L before Nitzchia linearis was affected. On the other hand.
Lembi and Coleridge (19755 found growth of the lake diatoms Melosira,
Fra ilaria and Asterionella to be inhibted by concentrations II, 57, and 234
mg7E in their experiments, while blue-greens were unaffected. However, such
results may have been caused by pHchanges brought about by the addition of
the carbonate, as similar pH values achieved by the addition of KOH yielded
similar effects. Furthermore, as the Lembi and Coleridge experiments were
done with mixed cultures of algae, the effects of the sodium carbonate cannot
be regarded solely as being related to toxicity. Changes in the intensity of
competition between the diatoms and the blue-greens may also have occured
since the latter increased in number as the diatoms declined. The results are
in fact similar to those of Shapiro (1973) in which he was able to shift mixed
algal populations from blue-greens to greens by lowering the pH and/or
prov
idin
g mo
re
free
carb
on d
ioxi
de.
In t
he L
embi
-Col
erid
ge e
xper
imen
ts,
raising the pH fostered the blue-greens.
  
In any event, the expected concentrations of sodium carbonate in waste
wat
ers
fro
m d
ete
rge
nt
use
are
in
the
nei
ghb
orh
ood
of
10
mg/
L,
whi
ch
whe
n
dil
ute
d 1
00
fold
, o
r e
ven
ten
fol
d,
res
ult
in
con
cen
tra
tio
ns
of
onl
y 0
.1
to
1 mg
/L
in t
he r
ecei
ving
wate
rs.
Such
conc
entr
atio
ns a
re w
ell
belo
w th
ose
with
apparent toxic effects.
STIMULATION OF ALGAE
 
A mo
re
like
ly e
ffec
t of
carb
onat
e,
alga
l s
timu
lati
on,
is u
nlik
ely
for
sod
ium
car
bon
ate
dir
ect
ly,
bec
aus
e n
o a
lga
e a
re
kno
wn
to
use
the
car
bon
ate
ion
as
a s
our
ce
of
car
bon
.
How
eve
r,
fol
low
ing
con
ver
sio
n t
o b
ioc
arb
ona
te
as
a
res
ult
of
car
bon
dio
xid
e e
nte
rin
g f
rom
the
atm
osp
her
e,
or
dur
ing
was
te
tre
atm
ent
, t
he
mat
eri
al
wou
ld
add
to
the
pool
of
car
bon
ava
ila
ble
for
pho
tos
ynt
hes
is.
Aga
in,
the
inc
rem
ent
ove
r t
he
nat
ural
bac
kgr
oun
d o
f
bic
arb
ona
te
is
exp
ect
ed
to
be
neg
lig
ibl
e (
King
, 1
978
).
Fur
the
rmo
re,
car
bon
-li
mit
ed
sys
tem
s a
re
exc
ept
ion
al,
occ
urr
ing
onl
y w
her
e h
igh
inp
uts
of
pho
sph
oru
s a
nd
nit
rog
en
are
fou
nd
in
sit
uat
ion
s o
f l
ow
nat
ura
l a
lka
lin
ity
.
A s
eco
nda
ry
eff
ect
of
the
use
of
sod
ium
car
bon
ate
mig
ht
be
exp
ect
ed
to
ari
se
fro
m i
ts
eff
ect
on
pH.
It
has
bee
n s
how
n,
for
exa
mpl
e b
y S
han
non
and
31
 K
a
m
p
(
1
9
7
3
)
,
t
h
a
t
t
h
e
u
s
e
o
f
c
a
r
b
o
n
a
t
e
d
e
t
e
r
g
e
n
t
s
r
e
s
u
l
t
s
in
a
p
H
i
n
c
r
e
a
s
e
in
t
h
e
s
e
wa
g
e
.
If
t
h
e
r
e
l
e
a
s
e
o
f
t
h
e
e
f
f
l
u
e
n
t
d
i
d
c
a
u
s
e
an
i
n
c
r
e
a
s
e
in
pH
in
t
h
e
r
e
c
e
i
v
i
n
g
w
a
t
e
r
s
,
it
c
o
u
l
d
r
e
s
u
l
t
in
a
s
h
i
f
t
in
a
l
g
a
l
d
o
m
i
n
a
n
c
e
t
o
w
a
r
d
b
l
u
e
—
g
r
e
e
n
s
,
as
in
L
e
m
b
i
a
n
d
C
o
l
e
r
i
d
g
e
(1
97
5)
a
n
d
S
h
a
p
i
r
o
(1
97
3)
.
H
o
w
e
v
e
r
,
as
S
h
a
n
n
o
n
an
d
K
a
m
p
a
l
s
o
s
h
o
we
d
,
th
e
p
H
i
n
c
r
e
a
s
e
in
th
e
i
n
f
l
u
e
n
t
is
n
e
g
l
i
g
i
b
l
e
b
y
t
h
e
t
i
m
e
th
e
p
r
o
d
u
c
t
r
e
a
c
h
e
s
th
e
e
f
f
l
u
e
n
t
,
as
w
o
u
l
d
be
e
x
p
e
c
t
e
d
f
r
o
m
t
h
e
a
m
o
u
n
t
s
o
f
c
a
r
b
o
n
d
i
o
x
i
d
e
g
e
n
e
r
a
t
e
d
d
u
r
i
n
g
t
h
e
b
r
e
a
k
d
o
w
n
o
f
o
r
g
a
n
i
c
m
a
t
e
r
i
a
l
s
.
T
h
u
s
,
i
t
is
u
n
l
i
k
e
l
y
t
h
a
t
e
v
e
n
t
h
i
s
e
f
f
e
c
t
w
i
l
l
o
c
c
u
r
,
e
s
p
e
c
i
a
l
l
y
after dilution.
F
i
n
a
l
l
y
,
as
d
i
s
c
u
s
s
e
d
in
t
h
e
p
r
e
v
i
o
u
s
s
e
c
t
i
o
n
,
no
t
o
x
i
c
i
t
y
to
a
q
u
a
t
i
c
he
rb
iv
or
es
is
e
xp
e
c
t
e
d
fr
om
p
r
o
j
e
c
t
e
d
us
ag
e.
CONCLUSION
Fr
om
th
e
li
mi
te
d
in
fo
rm
at
io
n
av
ai
la
bl
e,
th
e
us
e
of
ca
rb
on
at
es
in
d
e
t
e
r
g
e
n
t
s
is
n
o
t
e
x
p
e
c
t
e
d
to
a
f
f
e
c
t
a
l
g
a
e
e
i
t
h
e
r
d
i
r
e
c
t
l
y
or
i
n
d
i
r
e
c
t
l
y
.
SILICATE
T
O
X
I
C
I
T
Y
T
0
A
L
G
A
E
Th
e
ma
xi
mu
m
co
nc
en
tr
at
io
n
of
de
te
rg
en
t
si
li
ca
te
in
ra
w
se
wa
ge
is
ex
pe
ct
ed
to
be
a
b
o
ut
7
mg
/L
.
T
h
e
r
e
is
no
ev
id
en
ce
to
s
ug
g
e
s
t
th
at
to
xi
ci
ty
to
al
ga
e
wi
ll
oc
cu
r
fr
om
th
is
or
ev
en
hi
gh
er
c
o
n
c
e
n
t
r
a
t
i
o
n
.
In
de
ed
,
S
c
h
wa
r
t
z
an
d
Da
vi
s
(
1
9
7
3
)
s
p
e
c
i
f
i
c
a
l
l
y
t
e
s
t
e
d
A
n
a
b
a
e
n
a
,
M
i
c
r
o
r
y
s
t
i
s
a
n
d
S
e
l
e
n
a
s
t
r
u
m
a
t
7,
5
0
a
n
d
10
0
pp
m
re
sp
ec
ti
ve
ly
an
d
fo
un
d
no
ef
fe
ct
,
al
th
ou
gh
a
"n
eg
at
iv
e"
st
im
ul
at
or
y
e
f
f
e
c
t
fo
r
A
n
a
b
a
e
n
a
wa
s
fo
un
d
a
t
35
an
d
70
pp
m.
G
ui
l
l
a
r
d
(p
er
so
na
l
co
mm
un
ic
at
io
n)
no
te
s
th
at
Ce
ra
ti
um
gr
ow
s
be
tt
er
in
po
ly
ca
rb
on
at
e
cu
lt
ur
e
fl
as
ks
th
an
in
gl
as
s
on
es
an
d
su
gg
es
ts
th
at
th
is
di
no
fl
ag
el
la
te
ma
y
be
se
ns
it
iv
e
to
si
li
ca
te
;
bu
t
as
Ce
ra
ti
um
gr
ow
s
in
ma
ny
la
ke
s
ha
vi
ng
co
nc
en
tr
at
io
ns
of
si
li
ca
te
in
th
e
se
ve
ra
l
pa
rt
s
pe
r
mi
ll
io
n
ra
ng
e,
th
is
explanation is unlikely.
ALGAL STIMULATION
A
mo
re
li
ke
ly
ef
fe
ct
of
th
e
pr
es
en
ce
of
si
li
ca
te
is
st
im
ul
at
io
n
of
th
e
gr
ow
th
of
th
os
e
al
ga
e
re
qu
ir
in
g
it
,
na
me
ly
di
at
om
s.
Th
is
re
qu
ir
em
en
t
is
re
fl
ec
te
d
in
th
e
de
cl
in
e
in
di
ss
ol
ve
d
si
li
ca
te
in
la
ke
s
in
sp
ri
ng
an
d
fa
ll
du
ri
ng
di
at
om
bl
oo
ms
;
an
d
in
th
e
ne
ed
to
ad
d
si
li
ca
te
to
ar
ti
fi
ca
l
me
di
a
in
or
de
r
to
gr
ow
di
at
om
s.
St
im
ul
at
io
n
co
ul
d
oc
cu
rw
he
re
si
li
ca
is
in
ex
tr
em
el
y
lo
w
co
nc
en
tr
at
io
ns
,
fo
r
ex
am
pl
e
co
as
ta
l
ma
ri
ne
wa
te
rs
as
a
re
su
lt
of
ph
ys
ic
al
-c
he
mi
ca
l
pr
oc
es
se
s
an
d
bi
ol
og
ic
al
ac
ti
vi
ty
,
an
d
fr
es
h
wa
te
rs
de
pl
et
ed
la
rg
el
y
as
a
re
su
lt
of
bi
ol
og
ic
al
ac
ti
vi
ty
.
Th
e
st
ud
ie
s
of
Lu
nd
(1
95
0)
ha
ve
lo
ng
su
gg
es
te
d
th
at
th
e
sp
ri
ng
di
at
om
bl
oo
m
in
La
ke
Hi
nd
er
me
re
is
br
ou
gh
t
to
an
en
d
by
th
e
re
su
lt
an
t
lo
w
co
nc
en
tr
at
io
ns
of
si
li
ca
.
Pa
rk
er
et
al
.
(1
97
7)
su
gg
es
t
th
at
a
si
li
ca
co
nc
en
tr
at
io
n
be
lo
w
0.
4
mg
/L
mi
gh
t
li
mi
t’
di
ﬁt
bm
gr
ow
th
in Lake Michigan.
Ho
we
ve
r,
ev
en
if
a
po
pu
la
ti
on
of
di
at
om
s
we
re
st
im
ul
at
ed
by
ad
di
ti
on
s
of
si
li
ca
,
it
is
un
li
ke
ly
,
at
le
as
t
in
fr
es
hw
at
er
sy
st
em
s,
th
at
th
e
to
ta
l
al
ga
l
ab
un
da
nc
e
an
d
he
nc
e
on
e
of
th
e
sy
mp
to
ms
of
eu
tr
op
hi
ca
ti
on
,
wo
ul
d
be
32
 increased. Evidence today is that total algal abundance in lakes is a
func
tion
of t
otal
phos
phor
us c
once
ntra
tion
s an
d po
ssib
ly o
f th
e N/
P ra
tio
as
well
(Smi
th a
nd S
hapi
ro,
1981
).
Thus
, if
sili
ca c
once
ntra
tion
s do
incr
ease
diat
om a
bund
ance
, it
is e
ntir
ely
prob
able
that
othe
r al
gae
- gr
eens
and
blue—greens - will be proportionately less abundant.
Indeed, silica increases might, in addition to increasing the relative
abun
danc
e of
diat
oms,
chan
ge t
he c
ompe
titi
on b
etwe
en
diff
eren
t di
atom
spe
cie
s.
Suc
h e
ffe
cts
hav
e b
een
imp
lie
d b
y K
ilh
am
(197
1)
in
his
fin
din
g t
hat
diff
eren
t di
atom
s do
mina
te a
t di
ffer
ent
conc
entr
atio
ns o
f si
lica
, a
nd h
ave
been studied in the laboratory, especially by Titman (1976).
Thus
in l
imne
tic
fres
hwat
er s
yste
ms
the
dire
ct e
ffec
t of
adde
d si
lica
woul
d be
clas
sed
by m
ost
limn
olog
ists
as b
enef
icia
l,
lead
ing
to a
grea
ter
pro
por
tio
n o
f d
esi
rab
le
alg
ae
at
the
exp
ens
e o
f u
nde
sir
abl
e
for
ms.
In
cer
tai
n
sys
tem
s w
her
e b
lue
—gr
een
s m
ay
be
inh
ibi
ted
by
hig
h h
eav
y m
eta
l c
onc
ent
rat
ion
s,
and
whe
re
pho
sph
oru
s m
ay
thu
s b
e i
n e
xce
ss,
an
inc
rea
se
in
ove
ral
l
alg
al
abundance may occur.
Even in streams and rivers where dilution factors may be lower, silica is
sel
dom
if
eve
r a
lim
iti
ng
nut
rie
nt
(Lo
we,
per
son
al
com
mun
ica
tio
n)
bec
aus
e o
f
the
con
tin
uou
s i
npu
ts.
If
sil
ica
wer
e t
o b
e l
imi
tin
g i
n a
riv
er,
it
wou
ld
hav
e t
o b
e i
n a
lar
ge,
slo
w m
ovi
ng,
str
ati
fie
d,
enr
ich
ed
sys
tem
suc
h a
s t
he
Mis
sis
sip
pi
Riv
er.
Her
e
too
the
add
iti
ons
fro
m
det
erg
ent
s
wou
ld
be
ben
efi
cia
l.
Som
e s
tim
ula
tio
n o
f a
lga
l
abu
nda
nce
cou
ld
occ
ur
in
mar
ine
are
as
whe
re
sil
ica
con
cen
tra
tio
ns
are
rel
ati
vel
y l
ow.
How
eve
r,
the
eff
ect
wou
ld
be
ben
efi
cia
l.
Mac
ken
zie
(pe
rso
nal
com
mun
ica
tio
n)
sug
ges
ts,
for
exa
mpl
e,
tha
t
the
alg
al
con
mun
ity
of
the
Nor
th
Sea
may
hav
e
cha
nge
d
to
a
din
ofl
age
lla
te-
dom
ina
ted
one
bec
aus
e e
xce
ss
nut
rie
nt
loa
din
g o
f e
stu
ari
es
has
res
ult
ed
in
the
rem
ova
l
of
sil
ica
bef
ore
it
rea
che
s t
he
ope
n s
ea.
Thi
s
sit
uat
ion
in
tur
n m
ay
hav
e
led
to
par
t o
f
the
dec
lin
e o
f
the
Nor
th
Sea
fis
her
y
whi
ch
has
as
its
bas
e t
he
pri
mar
y p
rod
uct
ivi
ty
of
dia
tom
s.
SECONDARY EFFECTS
Two
oth
er
way
s i
n w
hic
h s
ili
cat
e c
oul
d a
ffe
ct
alg
ae
are
by
inc
rea
sin
g t
he
al
ka
li
ni
ty
an
d/
or
ha
vi
ng
a
to
xi
c
ef
fe
ct
on
pl
an
kt
on
ic
he
rb
iv
or
es
.
In
th
e
fir
st
ins
tan
ce,
the
inc
rea
sed
alk
ali
nit
y
of
was
tew
ate
r
eff
lue
nt
wou
ld
be
3
pe
rc
en
t
at
mo
st
,
an
d
si
nc
e
ef
fl
ue
nt
co
nt
ri
bu
te
s
on
ly
a
sma
ll
pa
rt
of
th
e
alk
ali
nit
y
of
mos
t
sur
fac
e w
ate
rs,
suc
h
an
eff
ect
wou
ld
be
min
ima
l.
In
the
se
co
nd
in
st
an
ce
,
the
le
ve
ls
of
si
li
ca
te
to
xic
to
su
ch
or
ga
ni
sm
s
as
Da
hn
ia
ar
e
so
hi
gh
as
to
pr
ec
lu
de
th
is
po
ss
ib
il
it
y.
(Se
e
pr
ev
io
us
se
ct
io
n
bi
ol
og
ic
al
effects.)
l
l
CONCLUSION
Add
iti
ons
of
sil
ica
te
to
sur
fac
e w
ate
rs
fro
m
det
erg
ent
use
wil
l
add
re
la
ti
ve
ly
lo
w
co
nc
en
tr
at
io
ns
of
an
al
re
ad
y
pr
es
en
t
ma
te
ri
al
.
Th
e
ef
fe
ct
s,
if
an
y,
ar
e
li
ke
ly
to
be
de
si
ra
bl
e
ra
th
er
th
an
un
de
si
ra
bl
e.
33
  
ALUMINOSILICATE (SAS)
TOXICITY T0 ALGAE
Num
ero
us
stu
die
s h
ave
sho
wn
tha
t c
onc
ent
rat
ion
s o
f S
AS
gre
atl
y i
n e
xce
ss
of
7 m
g/L
, t
he
con
cen
tra
tio
n
in
raw
sew
age
wit
h f
ull
use
,
are
not
tox
ic
to
a
wid
e
ran
ge
of
alg
ae.
For
exa
mpl
e,
Rol
and
(19
77)
fou
nd
no
tox
ici
ty
at
up
to
100
0 m
g/L
for
uns
pec
ifi
ed
alg
ae;
Fis
che
r
and
God
e
(19
77)
fou
nd
no
tox
ici
ty
up
to
100
mg/
L f
or
Chl
ore
lla
vul
ari
s a
nd
no
eff
ect
s a
t 2
5 m
g/L
for
bac
ter
ia,
yea
st,
or
mol
ds;
Mak
i
and
ace
978
)
fou
nd
no
tox
ic
eff
ect
for
Sel
ena
str
um
cap
ric
orn
utu
m,
Mic
roc
yst
is
aer
u i
nos
a a
nd
Nav
icu
la
sem
inu
lum
at
100
0,
100
and
100
mg/
L
res
pec
tiV
ely
;
Ham
m
an
a
(19
78)
,
in
a
com
ple
te
stu
dy
in
out
doo
r
pon
ds,
fou
nd
no
tox
ici
ty
at
200
mg/
L;
Rol
and
(19
79)
fou
nd
no
tox
ici
ty
for
var
iou
s a
lga
e a
t 2
50
mg/
L.
Nus
ch
(19
80)
did
fin
d s
ome
gro
wth
inh
ibi
tio
n o
f
cer
tai
n a
lga
e i
n t
he
ran
ge
10-
30
mg/
L,
whi
ch
in
som
e c
ase
s d
ecr
eas
ed
as
the
con
cen
tra
tio
n o
f S
AS
was
inc
rea
sed
.
Nus
ch
(19
80)
bel
iev
es
thi
s e
ffe
ct
was
not
a t
oxi
c o
ne
but
one
whi
ch
res
ult
ed
fro
m t
he
wit
hdr
awa
l
fro
m t
he
med
ium
, b
y t
he
SAS
,
of
ess
ent
ial
tra
ce
ele
men
ts.
Fur
the
rmo
re,
he
sta
tes
tha
t t
he
eff
ect
is
not
ed
onl
y i
n d
ilu
te
med
ia.
In
thi
s v
iew
he
is
joi
ned
by
Mak
i a
nd
Mac
ek
(1
97
8)
wh
o
sh
ow
ed
by
me
an
s
of
di
al
ys
is
ba
g
ex
pe
ri
me
nt
s
th
at
the
ef
fe
ct
s
of
>
50
mg/
L
of
the
ins
olu
ble
SAS
rem
ain
ed
whe
n
the
mat
eri
al
was
sep
ara
ted
by
containment within a dialysis membrane.
 
ALGAL STIMULATION
No
sig
nif
ica
nt
dir
ect
sti
mul
ati
on
of
alg
al
bio
mas
s b
y S
AS
has
bee
n s
how
n
by
the
inv
est
iga
tor
s q
uot
ed
abo
ve
at
con
cen
tra
tio
ns
up
to
100
mg/
L.
Pay
ne
and
Hall
(197
8)
did
fin
d a
sli
ght
inc
rea
se
in
the
gro
wth
rat
e o
f S
ele
nas
tru
m i
n
wat
er
fro
m B
arn
tsi
de
Lak
e w
ith
add
iti
ons
of
N a
nd
P a
nd
10
mg7
E S
IS,
com
par
ed
wit
h
the
N a
nd
P c
ont
rol
,
but
the
fin
al
sta
ndi
ng
cro
p
was
not
inc
rea
sed
.
It
is
rep
ort
ed
by
Nus
ch
(19
80)
usi
ng
100
0—l
itr
e
enc
los
ure
s
in
Ver
se
Res
erv
oir
,
tha
t
dia
tom
s
gre
w
som
ewh
at
bet
ter
wit
h
add
ed
SAS
tha
n
in
its
abs
enc
e.
Thi
s
eff
ect
was
evi
den
tly
due
to
the
fac
t
tha
t
the
inv
est
iga
tor
had
add
ed
dom
est
ic
sew
age
to
sim
ula
te
eut
rop
hic
con
dit
ion
s a
nd
the
reb
y h
ad
pro
bab
ly
cau
sed
sil
ica
lim
ita
tio
n.
How
eve
r,
the
re
wer
e
no
sig
nif
ica
nt
dif
fer
enc
es
bet
wee
n
the
con
tro
l
and
exp
eri
men
tal
for
app
rox
ima
tel
y 3
0 o
the
r s
pec
ies
_of
alg
ae.
Mor
eov
er,
the
chl
oro
phy
ll
con
cen
tra
tio
ns
wit
h a
nd
wit
hou
t S
AS
wer
e s
imi
lar
.
Nusc
h in
vest
igat
ed f
urth
er a
nd f
ound
that
Nitz
schi
a a
lea
coul
d no
t us
e SA
S as
a s
ole
sou
rce
of
sil
ica
.
In
the
stu
die
s
by
Ham
m
and
Raf
f
(19
78)
usi
ng
lar
ge‘
pon
ds,
the
re
was
a r
ema
rka
ble
sim
ila
rit
y b
etw
een
the
alg
al
com
mun
iti
es_
in
ponds with and without SAS. 1
The
ion
exc
han
ge
cap
aci
ty
of
the
zeo
lit
e m
igh
t a
ct
to
rel
iev
e a
lga
e o
f
hea
vy
met
al
tox
ici
ty,
but
the
pro
bab
ili
ty
is
low.
Thu
s,
Pay
ne
and
Hall
(19
78)
sho
wed
tha
t t
he
tox
ici
ty
of
Bur
nts
ide
Lak
e w
ate
r t
o M
icr
ocy
sti
s c
oul
d n
ot
be
all
evi
ate
d
by
SAS
up
to
10
mg/
L
whi
le
it
was
neg
ate
d
5y
onl
y
0.5
mg/
L
of
NTA
.
Sim
ila
rly
,
SAS
at
5 m
g/L
cou
ld
not
pre
ven
t t
he
tox
ici
ty
of
30
ppb
zin
c t
o
Mic
roc
yst
is
in
an
AAP
med
ium
, b
ut
"ox
ydi
suc
cin
ic"
aci
d d
id
so.
Thi
s i
s
une
xpe
cte
d a
s R
ola
nd
(19
77)
cla
ims
tha
t z
inc
is
exc
han
ged
rel
ati
vel
y w
ell
by
SAS
.
Fur
the
r,
Fis
che
r a
nd
God
e (
197
7)
sho
wed
tha
t S
AS
cou
ld
red
uce
the
tox
ic
effects of copper, mercury and cadmium to fish.
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 SECONDARY EFFECTS
Effects
on
algal
populations
via
herbivores
are
unlikely.
Roland
(1977)
found
no
toxicity
to
Da
hnia
at
500
mg/L
for
12
days,
and
Fischer
and
Gode
(1977)
found
no
effect
on
Daphnia
magna
at
500
mg/L
during
the
18
days
in
which
reproduction
occured.
Ihe
latter
further
showed
that
at
25
mg/L
SAS,
Daphnia
experienced
no
increased
sensitivity
to
heavy
metals,
surfactants
or
sodium
chloride.
They
also
found
that
SAS could
detoxify copper
for
Daphnia.
Einagly,
no
detrimental
effects
on
zooplankton
were
noted
by
Hamm
and
Raf
197 .
CONCLUSION
The
use
of
aluminosilicates
as
a
partial
substitute
for
phosphate
is
unlikely
to
have
any
detrimental
effect
on
algae
either
directly
or
indirectly.
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R
e
f
e
r
e
n
c
e
Eutrophication
of
the
Great
Lakes
remains
one
of
the
serious
problems
to
which
the
Great
Lakes
Water
Quality
Agreement
is
addressed.
Phosphorus
has
been
acknowledged
to
be
the
nutrient
limiting
algal
growth
and,
for
this
reason,
programs
to
control
the
input
of
phosphorus
are
presented
in Annex
2
of the Agreement.
A
significant
proportion
of
the
phosphorus
entering
the
Great
Lakes
is
due
to phosphates discharged from municipal
sewage treatment plants.
Therefore,
the
Agreement
specifies
that
waste
treatment
facilities
shall
be
constructed
and operated to remove phosphorus from municipal sewage.
The Annual
Report of
the
Water Quality
Board
and the
Final
Report of the
Upper Lakes Reference Group both presented at the July 1976 meeting of the
International Joint Commission addressed the questions of phosphorus discharge
from municipal wastewater treatment plants.
As a significant proportion of
the phosphorus in sewage arises
from detergent usage both reports reconnnnd
limitations on the phosphorus content of detergents.
As such a ban or limitation on phosphates in detergents will require
alternative builder compounds and/or levels to be utilized, relevant
ecological
information regarding the effects of such materials must be
gathered and interpreted to permit the Commission to evaluate the potential
consequences of such detergent reformulation based upon the best available
scientific
information.
To provide this information the Science Advisory
Board should review the information on ecological effects of non-phosphate
detergent builders in present use.
To provide this information the Task Force will:
1. Review and summarize the research findings on detergent builder
alternatives to phosphate.
2.
Identify areas of research in which there are gaps in our knowledge
relative to the effects of potential alternate builder materials.
3.
Report to the Science Advisory Board on the adequacy of studies pertaining
to these materials and identify both these materials which, based on
present information, are judged to be ecologically acceptable and those
which are not.
The Task Force will consider:
1. Expected discharge levels and the extent to which ambient concentrations
will be increased.
2. Effects on the sewage treatment process.
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